There are numerous reports in the botanical literature on the influence of light on the electrical potential difference across cell membranes in green plants. Blinks (4) reviews the earlier work on the effects of light on the PD3 in giant algal cells. In recent years the effect of light on the PD in higher plant cells has been studied and this work is reviewed by Bentrup (2).
Nernst potentials for any of the permeating ions. Changes in the concentration of any one of the external ions between 0.1 and 10 mM have only a very small effect on the PD. Increases in external pH cause the PD to depoiarize by a few millivolts. Azide, 2,4-dinitrophenol, and NH4CI each case rapid and reversible depressions of the PD; the effects of these agents are similar in magnitude in the light and in the dark. Anoxia depolarizes the PD by about 30 millivolts in the light and by about 60 millivolts in the dark. Ouabain and 3-(3,4-dichlorophenyl)-1,1-dimethylurea have no effects on the PD. It is conduded that the membrane potentil is controlled by an electrogenic efflux pump, possibly for H+. It i also conduded that the soure of energy for the pump is respiration and not photosynthesis.
There are numerous reports in the botanical literature on the influence of light on the electrical potential difference across cell membranes in green plants. Blinks (4) reviews the earlier work on the effects of light on the PD3 in giant algal cells. In recent years the effect of light on the PD in higher plant cells has been studied and this work is reviewed by Bentrup (2) .
In most green plants there are transient PD hyperpolarizations of a few mv after a change from light to darkness; small, transient depolarizations of the PD result on switching from dark to light. In some plants, exemplified by Nitella translucens (24) , the dark/light transient depolarization is followed by a gradual hyperpolarization of the PD to a steady value that is 50 to 80 mv more negative in the light than in the dark. Spanswick (24, 26) attributes the steady hyperpolarized PD in the light to an active, electrogenic extrusion of H+ that is linked to photosynthesis.
In contrast to the above, the steady PD of plants such as Hookeria lucens (23) and Atriplex spongiosa (15) is not significantly affected by light. After the initial light/dark or dark/light transients the PD levels off to values that are similar in the light and in the dark. The steady PD of these plants in the light is I This investigation was supported by grants to R. F. D. from the Research Council of Rutgers University, the Charles and Johanna Busch Memorial Fund, and Biomedical Grant RR7059-12. 2 Part of the work presented in this paper is from a thesis submitted to the Rutgers University Graduate School by P. J. C. in partial fulfillment of the requirements for the M.S. degree. Plants for electrical potential measurements, pretreated as described above, had 2 to 3 mm of the smaller edge cells removed by cutting with a razor blade. The basal end of the gametophyte was then secured to a coverslip with a few drops of a warm sealing compound consisting (v/v) of 5 parts paraffin and 95 parts anhydrous lanolin. The coverslip was immediately secured to the top of a perfusion chamber similar to that described by Mertz and Higinbotham (17) and sealed in place with anhydrous lanolin. This assembly was then placed on the stage of a compound microscope for PD measurements.
Cells were impaled for PD measurements with glass microcapillary electrodes (tip diameters 1 ,um or less) utilizing standard electrophysiological techniques (9) . It was found that PD values were low and unstable for about 2 hr after cutting and attaching the tissue to the coverslip. It is not presently known whether these effects were due to the trimming and handling of the tissue, heat from the sealing compound, or wounding and/or hormone effects (17) . In any case, PD measurements were not recorded until stable readings could be maintained for at least 10 min.
Tissue concentrations of K+ and Na+ were determined by flame emission spectrophotometry. Ions were extracted from the tissue with hot concentrated HNO3 for about 1 hr. For chloride extraction loss of Cl-(as HCI gas) was prevented by use of a reflux condensor attached to a boiling flask containing the tissue in a few ml of 1 N HNO3 plus acetic acid; this was heated on a hot plate to just below boiling for at least 6 hr. Control experiments using known amounts of Cl-showed that less than 1% of the Cl-was lost using this procedure. The concentration of Cl-in a 1/10 dilution of the extract was determined by amperometric titration. Values represent means + standard error of the mean with the number of readings shown in parentheses. In Phaeoceros the upper limit of a diffusion potential would be set by K+. This, in addition to the fact that both the PD and the internal K+ concentration rise with time up to 72 hr where they both become constant, raises the question as to whether there may be a K+ diffusion potential contribution to the PD. Table II shows Nernst potentials for K+, EK, with 72-hr pretreatment when the external KCl concentrations are 0.1, 1, or 10 mm. With 0.1 mm external K+ Table II shows that EK is about 10 mv less than the measured PD. When external K+ is 1 or 10 mm the measured PD is considerably greater than EK. Table II also shows that the PD was more sensitive to changes in external KCl concentration than to changes in NaCl concentration.
RESULTS

Changes
However, 10-fold changes in K+ brought about PD changes that were considerably less than the 58 mv predicted by the Nernst equation for a K+ diffusion potential. The data in Table  II are indicative of an electrogenic ion transport pump in Phaeoceros.
Effects of Varying External K+ and Na+ Concentration with Constant Cl1. In order to negate any anion effects with changing external K+ or Na+ concentration, a series of experiments was run in which 10-fold changes in either K+ or Na+ were made between 0.1 and 10 mm while the sum of KCI and NaCl was maintained constant at 20 mm. The solutions for these experiments were buffered at pH 5.8 with Tricine instead of sodium phosphate. This use of phosphate-free solutions had no effect on the PD (see Table V ). The results of these experiments (Table III) are similar to those in Table II (Fig. 2) . The PD then gradually returned to the light level in 15 to 20 min where it remained unchanged for as long as a steady reading could be maintained, usually about 2 hr. Turning the lamp on after a period of darkness resulted in a fairly rapid depolarization of about 10 mv followed by a small hyperpolarization and then a return to the original light PD in 5 to 10 min (Fig. 2) . From the above data, and from data below that will show no effect of DCMU, it is clear that the steady PD in Phaeoceros does not have the same dependence on photosynthesis as do the potentials in quite a large number of other plants (2, 24) .
During the winter months action potential-like "spikes" were frequently induced by light (Fig. 3) . These anomalous responses were manifested by rapid (1-2 sec) depolarizations of 60 to 100 mv when the light was turned on followed by hyperpolarizations of 40 to 80 mv in about 10 sec; subsequently there were slower hyperpolarizations of 10 to 20 mv above the steady dark values.
The PD would then gradually fall back to the dark level where it remained steady. It is our belief that these fast responses are not chloroplast PDs, even though they are similar to those described by Davis (7) (Tables I  and II ) which suggest that the PD is, at least partially, the result of an electrogenic ion transport pump, inhibitors of metabolic energy production should cause a rapid depolarization of the PD (cf. 9).
1. DNP. The effects of 0.1 mm DNP are shown in Figure 4 and (Fig. 6) ; the effect was reversible and it was similar in the light and in the dark (Table VI) . Azide is known to inhibit terminal electron transport in respiration and it is reported to inhibit the Hill reaction in spinach chloroplast fragments (1) and°2 evolution in Chara (21) . Thus, it is difficult to distinguish whether the action of azide in depressing the PD is the result of an effect on photosynthesis, respiration, or on both processes. Respiration is the more likely candidate since light has no effect on the PD and since the effect of azide was similar in the light and in darkness. 4 . DCMU. Table VI shows that 1 ,UM DCMU had no effect on the steady PD. The only effect of DCMU was to abolish the light/dark and dark/light transients. Since DCMU is an inhibitor of electron flow from PSII to PSI, these results indicate that the light-induced transients are linked to noncyclic electron flow, or possibly to NADPH2 production. 5. Onabain. Ouabain has been reported to block the efflux of Na+ in giant algal cells (16) and in corn roots (12) . Ouabain would be expected to cause the PD to depolarize if there is an electrogenic Na+ efflux pump. Preliminary experiments demonstrated that there was no effect on the PD in Phaeoceros treated for 1 to 2 hr in 0.5 mm ouabain (Table VI) . Thus, if there is a Na+ efflux pump in Phaeoceros, it does not appear to be electrogenic. 
FIG. 7 (lower).
Recorder trace for effects of anoxia on PD in dark.
Effects of Anoxia. When the perfusing nutrient solution was rendered 02-free by bubbling N2 through it the PD depolarized by about 65 mv in the dark and by about 30 mv in the light (Table VI) . A typical time course tracing for the effect in darkness is illustrated in Figure 7 . These data, when considered in terms of the data presented for the lack of a light effect and the similarity of the effects of DNP and azide in the light and dark, clearly indicate that the PD in Phaeoceros is fueled with energy exclusively from respiration. The smaller depolarization with anoxia in the light than in the dark is probably the result of stimulated respiratory activity brought about by photosynthetic 02 production.
DISCUSSION
Evidence for an Electrogenic Pump. Cells of Phaeoceros which have been pretreated on a 16-hr photoperiod for 72 hr are in a state of flux equilibrium with respect to all the major cations. Diffusion theory predicts that the cell PD values must lie within the range of the Nernst potentials for the permeating ions. Yet the PD in Phaeoceros is more negative than the Nernst potentials for K+, Na+, Ca2+, or Mg2+. A diffusion potential for H+ seems unlikely since the internal pH would have to be 2.9 to account for a PD of -175 inv when the external pH is 6. Davis (7) had, in fact, found that the cytoplasmic pH of Phaeoceros is 6.7 at external pH of 5.7 (10) has reported that the PD in the salt gland of Limonium depolarizes when Cl-is omitted from the bathing solution; a similar finding has been reported by Saddler (22) for Acetabularia. The complete elimination of Cl-or any of the other anions from the bathing solution had no effect on the PD in Phaeoceros (Table  V) . An Effects of Light and Dark. The steady potential of Phaeoceros in the dark is similar to that in the light (Fig. 2) , even for periods of 48-hr darkness. The lack of a light effect has also been reported for Mnium sp. (15) , Atriplex spongiosa (15) , Chenopodium album (15) , and Hookeria lucens (23) . The response of these plants is in marked contrast to the effects of light on the PD in other plants. For example, the steady PD in Nitella translucens (24) and several other giant algae (4) (27) has likewise reported that the photoinduced response in the red alga, Griffithsia setacea, is dependent on external pH.
In Phaeoceros the PD is relatively insensitive to external pH, whether in the light or in the dark (Table IV) . The only definite conclusion that can be drawn from this study concerning the light/dark or dark/light transients is that they are apparently in some way linked to noncyclic electron flow in photosynthesis. This conclusion is based on the abolition of both the light/dark and the dark/light transients with the PSII inhibitor DCMU.
Source of Energy. The marked effects of azide and anoxia in depressing the steady PD suggest that Cyt oxidase may be involved in the electrogenic ion transport system. However, there is no direct or unambiguous evidence for this. Both azide and anoxia cause blockage of the entire electron transport system and, in so doing, they also inhibit ATP synthesis and ATPase activity. Since the uncoupler DNP also blocks the PD, we are inclined to believe that the electrogenic ion transport pump in Phaeoceros is fueled by ATP. Several types of data have been presented in this paper that demonstrate the lack of a direct energetic dependence of the steady PD in Phaeoceros on photosynthesis. The most compelling evidence is perhaps the demonstration that cells may be kept in the dark for up to 48 hr with little or no effect on the PD. The similarity of effects of azide and DNP in the light and the dark also suggests that the PD may be fueled primarily by respiration, but the results with inhibitors are difficult to interpret. There are reports that both azide (1, 21) and DNP (13) inhibit elements of the photosynthetic system. The results with NH4Cl are likewise difficult to interpret. Jagendorf (11) reports that NH4Cl uncouples photophosphorylation in isolated chloroplasts. Our results show, however, that NH4Cl inhibits the PD in the dark as well as in the light which indicates that this substance may also be affecting oxidative phosphorylation. Alternatively, NH4Cl could be altering membrane permeability or causing the shuttling of H+ inward. Boron and DeWeer (5) found that prolonged exposure to NH4Cl caused decreases of the intracellular pH in squid giant axons which they believe to be the result of an NH3/NH4+ couple that shuttles protons inward.
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